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TRANSACTIONS OF THE INSTITUTION OF 
CIVIL ENGINEERS. 


AN ACCOUNT OF THE NEW OR GROSVENOR 
BRIBGE OVER THE RIVER DEE AT CHES- 
TER. 


[The drawings from which the engrav- 
ings of this bridge (plates Nos. VIT. and 
VIII.) have been made were furnished by 
Mr. John B. Hartley, son of the engineer 
under whose direction the edifice was built, 
and the following account has been derived 
from a letter from him to the President, 
accompanying the plans, and other original 
communications in the possession of the 
Institution, and partly from the minutes of 
conversation at several meetings when Mr. 
Trubshaw, the contractor for the work, 
was present*, while such other trustworthy 
sources of information as were accessible 
have also been referred to. The -state- 
ments, so far as they go, rest therefore on 
good authority, but the Council cannot 
help regretting that they are unable on this 
occasion to present a connected account of 
the work worthy of its magnitude, directly 
from the pen of some one of the gentlemen 
engaged in its construction. 

Though the site of the new bridge is 
quite apart from that of the old one, and 
the latter exists as before with the excep- 
tion of being no longer the leading tho- 
roughfare, a short notice of the ancient 
structure, as supplied by antiquarian wri- 
ters, has not been considered altogether out 
of place. ] 

The old bridge over the Dee at Chester 
extends from the city to a suburb on the 
opposite side of theriver named Handbridge. 
The first notice of a bridge in this place 
occurs in the thirteenth century, during 
which it is recorded to have fallen down or 
been carried away twice. Those structures 
were most probably of timber, but on the 


* Orig. Commun. Vol. IV. No. 9, and 
Vol. V. No. 16; Min. of Convers. Vol. V. 
Nos. 8, 9, and 13. 


second accident alluded to a stone erection 


seems to have been substituted at the cost 








Plate 7. 
Cross Section through the line A. B. 


Cross Section through the Crown. 
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of the citizens: this was in 1280, and it 
does not appear that the bridge has been 
entirely rebuilt since, though it is mention- 
ed that part next Handbridge was “ made 
new” in the year 1500. ‘I'he two arches 
on this side are plainly of later build than 
the rest ; one of them is in form a segment 
of a circle, the other is very slightly point- 
ed, while the remaining arches are pointed 
Gothic. The whole has been repaired and 
widened within the last few years. 

As usual in former days, Chester Bridge 
was provided with its gates, which remain- 
ed until towards the end of last century. 
Each extremity of the bridge was guarded 
in this manner, and over the gate next the 
city stood a tower, named “ 'T'yrer’s Tow- 
er,” for raising water from the wheels un- 
der some of the arches for the supply of the 
town : the tower no longer exists, and there 
is now only one gate, a modern edifice, on 
the English side of the river, but the water 
works and the weir still remain. 

The bridge, thus irregular alike in 
workmanship, form and dimension, consists 
of seven arches supported on huge piers or 
buttresses, and has been aptly and pithily 
described as “a long fabric of red stone, 
extremely dangerous and unsightly, and 
approached by avenues on the Chester as 
well as the Handbridge side, to which the 
same epithet may be safely applied.”* The 
inconvenience of a steep and twisting pas- 
sage of this kind on the main communica- 
tion between Wales and the centre and 
north of England, became more felt every 
day amid the rapidly growing intercourse 
arising from the improvement of the roads 
in the principality, particularly that to 
Bangor and Holyhead, and at length 
brought about a conviction of the necessity 
of anew bridge. It was many years, how- 
ever, before any active measures were ta- 
ken to carry so desirable an object into ef- 
fect, nearly a quarter of a century having 
elapsed between the period when the late 
Mr. Harrison of Chester projected the struc- 
ture on the site it now occupies, and the 
beginning of the work; and by this time, 
feom advanced age and declining health, 
the superintendence of its execution requir- 
ed too much exertion for the strength of 
that most respectable practitioner, whose 
works have added so much to the archi- 
tectural embellishment of his picturesque 





* Ormerod’s Cheshire, Vol. I. p. 285. 
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native city. Under these circumstances 
Mr. Hartley of Liverpool was applied to by 
the commissioners to undertake the man- 
agement, which he consented to do on the 
condition that no alteration should be made 
from Mr. Harrison’s external design, but 
that the interior and all practical points 
should be left entirely to him. It may be 
proper to add that Mr Harrison had given 
two elevations, one having the abutments 
ornamented with Grecian Doric columns, 
the other having a plain niche with a pan- 
nel over it, and that the latter was adopted 
by Mr. Hartley’s advice. 

The new bridge is situated about a quar- 
ter of a mile to the west of or lower down 
the river than the old one, stretching frorn 
the rock below Chester Castle towards the 
village of Overlegh, with a boldness that 
appears still more striking if the view be 
from the low ancient bridge. ‘l'he valley 
of the Dee here skirts close round the city, 
the ground next which rises rapidly, and 
the road is carried with a slight fall from 
the castle gate on an embankment, which, 
after ascending gently over the bridge, is 
continued across the broader plain on the 
other side of the river, until it falls into the 
Flintshire road from the old bridge. The 
harbor is below the site, but vessels occa- 
sionally pass above the bridge, which from 
its great height offers no obstruction to na- 
vigation. ‘The flow of the tide so far up 
the river is not more than twelve feet in 
ordinary springs. 

The abutments are founded on the solid 
rock, except the back part of that on the 
north or city side, where, a fault occurring 
from the rock dipping down almost verti- 
cally as shown on the section, piling be- 
came necessary; and so soft was the ma- 
terial with which the fissure was filled, (a 
kind of quagmire or quicksand,) that the 
piles went down five or six feet at a blow 
for a considerable part of their depth. On 
the head of the piling a floor of stone was 
laid and the abutment built upon it. In 
consequence of the defect in the foundation 
just mentioned it was considered prudent, 
with a view to keep the lateral thrust of 
the arch within the limit of the rock, to 
make the springing a foot lower and the 
crown as much higher than was at first 
intended, and this was the only deviation 
from the original design that took place in 
the work. 

The arch is a segment of a circle of 140 
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the epan or chord teing 200 
fect and the rise or versed -ine 42 feet. 
The archstones are 4 feet deep at the 
crown, and increase to 6 feet at the spring- 
ing, but frum the inode followed in laying 
the masonry, it will be seen that the prin- 
ciple of the arch is carried through the abut- 
men's, even down to the foundations, the 
radiating join's giving place to horizontal 
ones only in what is comparatively super- 
structure. 

To prevent flushing near the haunches 
and rectify any tendei.cy to change of form 
in the arch on the reinoval of the centre, 
the “s3t course above the springers was 
Jaid upon a wedge of lead 14 inch thick on 
the face and running out to nothing at the 
extremity of the bed, and strips of sheet lead 
eight or nie inches wide were also intro- 
duced in the joints on each side, up to 
where the point of pressure was considered 
to change tls position from the front to the 
back of the archstones, or in fact in the 
present case over about two-thirds of the 
whole soffit. This disposition remained 
unaltered until the easing of the cen're let 
the whole of the arch seitle on the Jead, 
which from its yielding na‘ure then caused 
the pressure tu be spread evenly over the 
whole of the bed of each course, an | there- 
by prevented drafts or openings at the back 
of the archstone joints; the wedye-piece 
at the springing also acting by way of ad- 
yistment!, and counterac:ing the inelin wion 
of the arch in comiig to tis bearing when 
the cen're is sirock to throw an undue 


fect radius, 


weight on the intrados of the springing 
course. Judging from the soundness ot 


the archstones throughout, this plan seems 
to have answered fully the end sougiit 
weight having been received so uniform ly 
an! gradually om all points, that not the 
slhigh:est appearance of spaul hing ov crack: 
ing is perceptible in the ‘work of the great 
arch. 

In setting the keystones three thin s'rips 
of lead were first hinge down en each of the 


+1 
1u1e 


ston’s between which th y were to he in 
servell und the “slg bene then be- 
smearel with a thin greasy putty made of 
white Jead and oil, w aus drivel down wiih 
a smal! piie-engine, the erg achine as a 
slide and preventing grating until the stone 
Was quite honrie. 

The imode in wheh the spandrils were 


made up imternally, by ters of poised 
arches wiih flag-stones or landings at top 
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to carry the road material, will be seen by 
i glunce at the cross section on plate No. 
Vill; and mdeed beyond what bas been 
already stated, and the maierials used, 
which are now to be described, with the 
mode of dressing thern, there does not seem 
much of iinportance as regards the con- 
struc'ion of the permanent part of the work 
which an inspection of the plans will not 
readily supply. 

Tue river face of the abutments up to the 
springing, and the first two courses of arch. 
stones above, are of granite ; tle key-course 
with one on each side of it and the quoins 
all through the arch are of the limestone 
known as Anglesea marble, and the rest of 
the work, including all the other archstoues, 
a!must entirely of the sandstone of the coun- 
try. The granite was brought from Craig- 
nair near Castle-Douglas in Kirkcudbright- 
shire, the limestone partly from Anglesea 
and partly fiom the similar quarries of Wag- 


bur near Burton in Kendale, and the other 
stone for the outside works from Manley 


ear Nortliwich and Pv ckforton near Nant- 
wic in Cheshire, the quarries of both which 
places produce a superior kind of the «ew 
red sandstones. Tne principal part of the 
banking is of a similar sandstone, found ad- 
jacent to the site of the bridge. The mor- 
tar used was made from the lime found in 
the neighborhood, mixed with twice its bulk 
of sand. 

Tic external faces of the bridge and abut- 
meuts, with bes cornices, parapets and dres- 
caly tooled; the land-arches 
aud wings slighty chamfe red in the joints 
‘ then scap pied off, so as to have a rough- 
er and more rustic appearance. The arch- 
stones of tne main arch are also chamfered 
in the soffit two inches on each arris. 

‘lhe cenue oa which the stupendous arch 
of Chester new bridge was raised, and which 
is stated by Mr. Hartley to have been ex- 
clusivcly designed by Mr. Trubshaw, claims 
a deiailed notice, from the nov sItvy of the 

it was formed on, the efficiency 
with wiica it cid its work, and the economy 


cre » 
Oa S, are 


allt 


1oints, 


princi le 


that attended its use. ‘Tne centre consisted 
0. six ribs in widta, and the span of the arch 
Wa or led into four spaces by means of 
tu arly equidistant piers of ‘stone built 
In the river, from which the timbers spread 
fan-liketowards the soffit, so as to take tueir 


iad endwise. ‘Tae lower extiemties of 
tucse radiating beams rested in cast iroa 
suoc-plates on the tops of the piers, and the 





0. 
en 
ad, 
he 
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upper ends were bound togetier by two 
thicknesses of 4 inch plinking bending 
round, as nearly as ticy coull be mide, in 
the true curve of tae area. Oataerintius 
formed the lagging or c: ering, wie!) was 
4+ inches thick, was supported over eaca rib 
by a pair of fol ting wedges, 15 or 15 inches 
ong by 10 or 12 inches broal and tapering 
about 14 inch ;—for every course of arc. 
stones in the bridge taere were tacrefure six 
pairs of striking wedges. ‘Tue horizontal 
timber of the centre was oalv 13 inches 
deep, and the six ribs were tied together 
transversely near the top by tioroiga bolts 
of inch iron. but with a view not to weakea 
and injure the timber more taan was abso- 
lutely necessary, tae least possible of irea 
was used. 

From this description and an examination 
of the drawing it will be observed, taat tae 
centre differs. essentialiy from those that 
have been used elsewere. At first sig at it 
reminds one of that employed by Smeatoa 
in building Banff bridze, but. the likeness 
is only apparent. Lach rib of the. latter ts 
a complete connected frame from pier to 
pier, though supported intermediately, and 
is capable « of being eased only as one mass 
by tee folding wedges waica are placed 
under and carry it; wuereas in the aces 
centre each rib is composed of four distinct 
and independent paits, and carrics tie 
wedges on its outer rim iustead of being 
borae by them, so tuat it can be strack gra- 
dually, b bein iv senrio tigat al oac p.ace und 
slackened at another, accordiag to tc symp- 
toms shown by tic area a; its support ts re- 
moved and tae stouework con 10 Its bear 
ing. Mr. ‘Trubs!inw’s site 4S, tTneree 
fore, In a few words, to arra oe ‘the trmber 
so as to have tue strata all in a vertical d- 


rectiou, doiig away re 1 the necessity of 
tnuch ho.izo. tal tying Wich irom it, sik. 
ing he considers apt to ‘Berande tic framing, 


and to ease line stately 
instead of uider the sil of the eeatre; and 
Wit) tals consiruct.o1 be woald str ke a ecu. 
tre soon after tac arca was fia shed, wile 
the mortar waz yet as it were a paste, casing 
a little at first and then giving son ‘tune for 
the juints to accommo .ate tacmselyes, and 
so proceeding. His metuol of sini! 
to keep up tue crown and [ct tac i aune.es 
down, and tLouza this has a tencecseyv to 
press tuc keyston ‘ up, Cs tu.cs taut lie has 
found a greater and more usual ditt culty to 


under tae coverins 


be in managing an arch after the key was 
lower: as it mast b> at oace and beyoad 
rods w.t centres of tue usual make. 


Tac centre was of fir, and with the excep- 
tion of tag parts already m vatione | as other 
Wiss, Wis c9.n90321 eatirely of waole an | 
hal’ timdars ;—piece: from 22 to 36 fect 
long were not bored with more than one 
ho'e, an? it of smil size, so tat, the mate. 
rial being sound wvaea taken out, the whole 
cost to the » contractor was oaly about £500, 
an amnouat waic ci, even allowiag for the ad- 
Vintaz: d rive | from t ie accide vatal circum. 
stancs of a quantity of seasoned woo] being 
ooportunely required fora public work ia 
tae neigibosi00 1, mast still be coasidered a 
very low price for a structure requiring 
10,099 euic fect of timber. ‘Laat tae ex. 
pectatiors of tie projector wre fulfilled in 
otuer respects alsa, is prove | by the circum. 
at ince of half the arc1 beiag turae! before 

tie ceatrs wis flaisiead, w ile tic fact that 
ov its removal tic crowa sank oaly from 23 
to 2$ iacies, tie joiats remuining perfectly 
clos: ail no deraigem zat of form being per. 
ceptible, attests tag sxill and care at oace of 
the carpeater and tae masoa. 

In reference to the temporary works, it 
scems necessary Oaly furtaer to mention 
tiat the archstoaes were cirried to their 
places by the traversing machine now usu- 
ally adopted fur such purposes, waich, though 
old in principle, it is believed assumed its 
present furm ia tae hands of the late Mr. 
Ronnie, asa means of working the diving 
bell in his operations at Plymouth. Of the 
contrivance, thouga it sc’ureely requires de- 
scriyuou ia tae preseat day, it may be short- 
ly said, taat it coasists 1a suspending the 
ae) ly to be ? m yvel toacaryi go travelliag on 
>lora tr ime of timber, wi ich 
frame is saa move l like manner on a 
similar raiway uuder and at right angles to 
i, 8) taat tue carviage has a doable motion 
aid cai be broazit over any po nt witain 
tic range of tae frames to deposit its load. 
. 1 tic ¢ esent case tae tafetor rail Vay CX- 

tende! from abutment to abutment, restiag 
oa the intermediate piers, and on it trave led 
two transverse frames of from 45 to 50 feet 
san, so as to embrace the whole width of 
tac arca; aud tere being taus a carriage 
a: each cad of tae brilge, tae setting of tae 
avcistuies did not Cousuins mucia time. 


a rabway 


Tou be continued. 
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DOMESTIC ECONOMY. 


Hanc or Driep Beer.—Take eight 
ounces of common salt, two ounces of salt- 
petre, made into brine. This quantity to 
be applied to ten lbs. of Beef. It should 
lay in the brine four weeks; and then be 
hung up in the kitchen or some worm apart- 
ment to become dry. In order to preserve 
it from insects in summer, it should be tied 
up in a linen cloth. 

The above receipt was given me by an 
excellent farmer and manager in Massachu- 
setts; and the beef cured by it was of the 
finest description. H. C, 


Sart or Cornep Beer.—One peck of 
coarse salt, four ounces of saltpetre, one 
and a half pound of coarse brown sugar. 
Add to the above ingredients, four gallons 
of spring water; boil and skim it until it is 
quite clear; when cold it is fit for use. 
The meat, either beef or pork, should be 
salted a few hours before it is put in the 
pickle. Hams and Tongues are very fine 
cured with the same pickle. 

The above receipt is called Admiral Po- 
cocke’s pickle, and is much approved and 
generally used in the British Navy. Ihave 
successfully tested its value. H. C. 


Hovsexoip Sosar.—Put fourteen lbs. 
of Potashes to twenty lbs. of good grease 
for one barrel. Put ihe potashes into two 
pails of water over night; put the grease 
into a kettle and pour the potashes over it ; 
let it boil moderately, filling it up with cold 
water until it thickens ; then put it into the 
barrel, and fill it up, (a pail full at a time) 
stirring it about until the barrel is full. 


Soar Maxine.—The subjoined is from a 
friend as well skilled in all matters of do- 
mestic economy and household manage. 
ment, as any one | have ever known. 

H. C. 

The last Soap I made, we used 20 lbs. of 
potashes and 25 lbs. of grease to a barrel ; 


and it made excellent soap. Success much 
depends on having the best quality of pot- 


Economy. 


ashes. I have a set-kettle in which I dis. 
solved the potashesand put it into the trough 
in which we keep the soap; then melt the 
grease and put to it, the mass is then hot ; 
having conveniences for heating the water, 
I have generally filled it up keeping the 
whole bot; by this means the ingredients 
incorporate quickly ; and I have had but 
little to do after the first day. But I do not 
add the whole of the water at once. I pre- 
fer doing it by degrees, and stirring well at 
each time. There will be no difficulty, if 
you have good materials; and get them tho- 
roughly incorporated. I have no doubt it 
may be effected as surely with cold water 
after the ingredients are mixed and put to- 
gether; but it will require longer time and 
more labor to stir it. I have been troubled 
a little once or twice by getting weak pot- 
ashes ; and have been obliged to add more, 
but have always succeeded in the end.— 
Once I recollect I put more potashes than 
usual, and it was too powerful. 1 then ad. 
ded more grease and water and reduced it ; 
the above proportion, I think, is about right, 
if the materials are good ; if the potashes 
should prove otherwise, more may be ad- 


ded.—I[ Brookline. ] B. G. 


Cooxine Potators.—This is no incon- 
siderable art; and I have some suspicion 
that Cobbett’s ignorance of the best way of 
doing this may have been one reason of his 


antipathy to the use of thisesculent. The 
direction given by one wniter is, never to 
put your potatoes into cold but boiling wa- 
ter; and keep it boiling until the potatoes 
are done or sufficiently boiled; then pour 
off the water as soon as possible; if a little 
salt be thrown into the water when boiling, 
the better.” We will adda better mode 
than this, which has been so thoroughly 
and successfully tested, that we believe it 
cannot fail to be approved: Select the 


. potatoes you design for dinner the day pre- 


vious ; pare them and throw them into cold 
water and let them stand three or four 
hours; then, at a proper time before din- 
ner, put them into boiling water ; and when 
they have sufficiently boiled, turn off all the 
water, leave off the cover and hang them 
over the fireto dry. When the steam has 
passed off they will then he in the best pos- 
sible condition for eating. By this mode, 
potatoes even of a watery and inferior qua- 
lity, become mealy and good. H. C. 
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MECHANICS’ 


PROCEEDINGS OF THE MECHANICS INSTI- 
TUTE OF THE CITY OF NEW-YORK. 


This Institution having entered irito an 
arrangement with the Editors of the Me- 
chanics’ Magazine, of the city of New-York, 
to publish their proceedings, will hereafter 
furnish regularly for publication such mat- 
ter relative to the Institute, to science and 
to the arts, as may be considered worthy of 
public notice. 


The following is a list of officers for 
1837—38. 
Georce Bruce, President. 
Joun M. Dopp, Ist Vice President. 
Henry CunNINGHAM, 2d Vice President. 
Geonrce L. Spencer, Rec. Secretary. 
Leonarp D. Gate, Cor. Secretary. 


Wirtwram Everpe tt, Treasurer. 


DIRECTORS, 
Richard Bragaw, 
Clarkson Crolius, Jr. 
Henry G. Stetson Henry B. Robertson, 
Henry Durell, T. W. Bartholomew, 
Sylvanus S. Ward, John Bidley, 

A. F. Cammeyer, Oliver Whittlesey, 
William J. Mullen, Abraham J. Mason, 
Jordan L. Mott, Loring D. Chapin, 
Martin W. Emmons, William B. Worrall, 
Peter Wemmel, Jacob S. Anderson, 
Abraham Storms, William Ballard, 
Hiram Tupper, George F. Nesbit. 


The above list of officers and Directors 
which are elected annually in April, consti- 
tute a Board of Directors for transacting 
the business of the Institute. 

The Board is divided into five Commit- 
tees, asfollows. A Committee of Finance; 
one on Publication and Lectures ; one on 
Science, Arts, and Scientific Meetings ; one 
on the Library and Reading-Room; and one 
no Donations. 


James J. Mapes, 
Thomas Ewbank, 


INSTITUTE. 


The Institute holds its regular monthly 
meetings for transaeting its financial and 
other ordinary business, at the Institute 
Rooms, City Hall, Basement story, the 
first ‘Tuesday in each month; the remain- 
ing Tuesday evenings of the month are 
taken up by the Scientific Meetings, at 
which lectures are given, Essays read or 
experiments made on science and its appli- 
cation to the useful arts. 

The scientific meetings have already been 
established nearly six months, and the uni- 
formly full attendance manifest the interest 
they have excited in the minds of the mem- 
bers. ‘The committee of Publication take 
this opportunity to call the attention of such 
new members as have not yet availed 
themselves of the privileges of the Institute 
to the useful information communicated at 
the scientific meetings. 


Proceedings of the Scientific Meetings 
continued from December 1836. 


December 13th. James Thomas, Esq., 
gave a lecture on the various methods in 
use for taking the specific gravity of liquids 
and solids—exhibiting the facility and accu- 
racy with which the specific gravity may be 
taken, by means of a common grocers 
scales, by operating on larger quantities 
than are generally used by experiments. 
The lecture was illustrated with a variety 
of experiments. 

December 20th. Dr. Gale gave a lec- 
ture on the relative permanency of materi- 
als used for buildings, showing the different: 
effects of different climates, in wearing 
down, and otherwise reducing the monu- 
ments of art in different countries. After 
which James Frost, Esq., made some ap- 
propriate remarks on the comparative me- 
thods of building in England, and in the 
United States, and especially called the at- 
tention of the members to the manner in 
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which the house of the recent firm of the 
Joseph’s in this cliy was constructed, 
showing that from the manner in which the 
arches were put up, the expansion and con- 
traction by heat and cold wouid soo. cause 
the wails to give way, an event which has 
since proved true. 
December 27th. Dr. 
ture on Geology, on the indications of coal, 
it 


Gale gave a lec- 


and in what countries and formations 
mzy be sought with probability of success 

January 104°, 1837. 
gave a lecture on Piccious Stones, illustra-l 


D-:. Feuchiu anger 


ted by a great variety of specimens, 
17th. Dy. 
the method of silvering | iokins glasses. 
24h. J. M. Dodd, Esq, gave a lec- 
ture, (the first of aserics) vn the history ef 
building, com:uen ing with the earliest his- 


Wallace give a lecture on 


tory of man and extending to the founding 
of the Roman Empire. 
31st. J. M. Dod l, Esq,., gave his Se- 


cond lecture on the history of building ~-in 
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wich the history was continued to the de- 


’ . ’ 


cline of the Roman Empire. 

February 14th. Heary Durell, Esq., 
give alecture on coloring awd marbling 
paper, in which the whole process was ex- 
hidvited expe.imentally, and a considerable 
variety of specimens were manufactured 
in the presence of the members. 

2\st. Andrew Boardman, Esq., gave a 
lecture on the Progress of Improvement in 
Society. 

23th. T. J. Carmichael, Esq., gave a 
ectire on the methods adopted by order of 
the Water Commissioners for supplying this 
city with water which work is now in pro- 
gress. 

Professor Steele, having been engaged 
a course often lectures on Mechan- 


The 


Tuesday Evening meetings were ordered 


to give 


ics, Wydrostatics and Pneumatics. 


to be discontinued until April. 
L. D. Gate, 


Chairman of Cum. on Publication. 


CURVES OF LCCK-GATES. 
Plate 9. 
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ON THE STRAIN TO WHICH LOCK GATES ARE 
SUBJECTED. BY PETER W. BARLOW, CIVIL 
ENGINEER. 

Having of late been engaged in estimat- 
ing the dimensions of timber required for 
Lock Gates, I have been led to the conside- 
ration of the different strains to which they 
are liable, and the results of my investiga- 
tions having, in some instances, been rather 
unexpected and interesting, | beg to lay 
them before the Institution of Civil Engi- 
neers, in the hope that they will prove of 
utility. 

In England of late years, lock gates of 
large dimensions have been constricted of 
an arched figure, with a view to increasing 
their strength; how far an advantage is 
gained by this construction, it is chiefly the 
object of the present paper to investigate. 
Previously, however, to entering into these 
inquiries, it will be necessary to explain tho 
nature of the strains to which the common 
straight gate is exposed. 

The best angle for the sally of lock gates 
made of straight timber is a subject which 
has already engaged the attention of some 
mathematical men, but I must observe, 
with respect to those investigations which 
I have had the means of examining, that 
they seem to be founded on data evidently 
incorrect. A common straight gate is ex- 
posed to two strains; one a transverse 
strain, produced by the weight of water at 
right angles to its surface, which is equal 
to half the weight applied in the middle ; 
the other a strain in the direction of its 
length, produced by the pressure of the op- 
posite gate upon its extremity. This latter 
strain, if the salient angle was of 45°, or 
the gates stood at right angles to each 
other, would of course amount to half the 


weight on the opposite gate, so that at this 
angle a lock gate has, in addition to the 
transverse strain, an equal strain in the 
direction of its length. 

Before we can arrive at the angle at 
which, with given dimensions of timber, the 
greatest strength will be given to a pair of 
gates, it becomes necessary to know the 
amount of transverse strain produced by 
the end pressure of the other gate; or ina 
beam loaded in the middle, the additional 
transverse strain produced by a given de- 
gree of pressure applied at the ends. In 
order to ascertain this point precisely, it 
would be necessary to have a distinct set 
of experiments, which would net only be 
difficult to execute, but very uncertain in 
their results ; and as precision in this point 
is not necessary to the present question, I 
think, by the examination of M. Girard’s 
experiments, we may arrive at it sufficient- 
ly near for our purpose. 

These experiments were made upon a 
large scale by order of the French govern. 
ment, and although there appears to be some 
rregularity in the results, | have no doubt 
they are as correct as the uncertain nature 
of such inquiries will permit. 

The following is an abstract of his experi- 
ments on the strength of oak baulks loaded 
at the end, and with the weight the same 
timbers would bear loaded in the middle, 
calculated by the rules given in Barlow’s 
work on timber; by which a comparison 
can be made of the relative strength when 
subiected to a direct and transverse strain. 

The timbers experimented upon by Girard 
were not in every case completely broken, 
but there is no doubt the weight they were 
subjected to was very little short of that 
which would have completed the fracture. 
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TABLE I.—Abstract of Grrarp’s Experiments on the Strength of Timber 
loaded on the End. 





















































Dimensions oF THE TimBeR. {Weight in 
—— pounds the] Weight in 
experi- were gr precutysterry | Remarus 
we Length. | Breadth. | Thickness.|@pplied to} beam would : 
the exire-| bear loaded 
mity. transversely 
FEET. | INCHES | INCHES. 
1 | 8 6.21 5.03 93616 8598 092 
2 8 6.39 4.17 94018 6078 064 Broken. 
3 8 6.21 3.99 69165 5390 078 
4 8 5.23 3.89 50526 4325 085 | Broken. 
5 8.628 5.15 4.17 50608 4900 097 | Broken. 
6 7.549 6.02 5.15 115359 9980 “087 
7 7.549 6.21 5.05 103799 9909 095 
~ 7.549 6.12 4.085 73095 6396 ‘087 Broken. 
9 7.549 6.21 3.99 63177 6336 100 Broken. 
10 7.549 4.96 3.99 44857 4924 "109 
11 6.471 6.12 5.24 87494 12366 141 
12 6.471 6.21 5.15 87481 12013 136 
13 6.47] 6.21 3.99 87079 7392 085 
14 6°471 6.30 3.99 | 72823 7313 "100 | Broken. 
15 6.471 5.24 4.17 103622 6525 063 
16 6.471 5.05 4.25 82261 6674 ‘081 
17 7.549 6.21 4.25 87443 7022 080 
18 8.628 6.21 5.32 82332 9607 °116 Broken. 
19 8.628 6.21 5.15 103863 8993 “087 
99 | 8.628 | 7.37 6.21 | 137966 | 15584 113 
21 8.628 7.45 6.21 137866 15764 114 
|Mean.... | *996 























It thus appears that the force required to 
break atimber in the direction of its length, 
is about ten times that which w ould break it if 
it applied transversely at the middle ; from 
which I infer that the strain in the direction 
of the gate produced by the pressure of the 
opposite one, is equal to an additional strain 
of one-tenth applied transversely. 

A difference exists in the comparison 
made in the preceding Table and in the case 
of lock gates, which it is necessary to make 
some remarks upon; viz., that a lock gate 
has a transverse pressure acting in addition 
to that produced by the other gate, so that 
the end pressure is exerted upon it after it is 
already deflected by a transverse strain which 
is of course not the case in the comparison 
made in the Table. How far this may effect 


the question, or how much greater effect the 
compressive force may have in consequence 
of the beam being already deflected, it is very 
difficult to determine, but from an examina- 
tion of the subject, I am induced to think that 
the deflection is so small as very slightly to 
increase the effect of the end pressure. 
The amount of the effect will of course 
depend upon the degree of deflection the 
beam has sustained from the transverse pres- 
sure, and if it amounted to a quantity ex- 
ceeding one-twentieth of the length, (which 
wou Id make the lever by which the end pres. 
sure acted exceed one-tenth of that by 
which the transverse strain acted,) a greater 
effect than one-tenth would be produced ; 
but as the ordinary load which timber is ex- 
pected to sustain, does not produce at the 
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utmost a deflection exceeding one hundredth 
part of the length, I cannot conceive the 
transverse strain above named materially to 
alter the comparison, and [ have accordingly, 
in the fol'owing investigation, assumed oae- 
tenth as the amount of additional strain pro- 
duced by the end pressure of the opposite 
gate. 

It now becomes necessary to get an ex. 
pression for the amount of tne strains above 
mentioned at any angle of salience, waich is 
arrived at in the following manner :— 

Let AB, AC, represent the two gates, 
meeting at the point A; draw the line AD 
from the point A perpendicular to BC, and 
let BD, which represeuts half the breadth of 
the lock, = I, also 


‘ 
rae 








iy o 


let the pressure of water upon the length / 

of the gate be indicated by w and the angle 

ABD = 9. 

Then the length of the AB and 
any angle g will be expressed 
by 

and the pressure upon it by 

The transverse strain produced by 
this pressure on the centre of 
the beam at the same angle will 
be ww sec © 
It now remains to find the amount of 

compression in the direction of the gate, 

produced by the opposite gate. 

Let AF represent the force or tendency 
of the gate AC to turn upon the point C, 
which is of course equal to half the weight 
upon the gate A C, 

or ==}wsec o 

The force may be resolved into AG, FG, 
the one GF is supported by an equal and op- 
posite force in the gate AB, and the other 
will represent the force in the direction of 
the gate, the expression for which may be 
found as follows ; 

assine / AGF: AF::sine 7 AFG: AG 
or sine 9: jw sec gO: : cos : iw seco 

CGS 





lsec 9 
W SEC Y 










Transactions of the Institution of Civil Engineers. 


The whole amount of transverse strain at 
any aizic p wal tases fore be represented by 
tic Cxprcess.on, 
tw secg># 4!) wcosec 9 
from which we may readily odtiain the angle 
at which the strain isa minimum as follows ; 
sec + 9 + cosec 9 == mia 
or tan 9 sec p dg—- + cot gcoseec pd g=0 
Whence tan*?y = ,, cotan o 
and tantg= A, 
tango=* yy ,, = ys J 100=.4541 
=tan 4 24° 54’ 
The salient angle of a pair of oak gutes, 
when the strain is a minimum, is taerefore 
24° 54' 

In the question of the best angle for lock. 
gates, it becomes necessary to coasider taat 
tac length of the gate also varies as the 
secant of the angley. Tue angle 24° 54’ 
is therefore not taat at which, with a given 
section of timber, tle greutest strengta will 
be obtained ; for although the strain is the 
least at this angle, yet the gates, by their 
greater length, are less abic to resist it than 
at some intermedi te angle, when tae strain 
is sligutly increased. ‘Tae cxpression now 
becomes 

scc*9 + 4, sec g cosec 9 = min 
2scc*ptangdg + j, (tang sec pcoseco— 
cot 9 cose: 9 sec 9) = VU 
Qsecptano + ,4, tanpcOsecg= ,', cotang 
COSCC O 
2 seco tan? go + ,), tan? og coseco = ,', 
COSCC Q 
from whic the cubic equation, 
tan?y + ,|, tan? o = .4 

This, being reduced, makes the tan. 
= .25701, or the angle 19° 25’, at which a 
pair of lock-gates saould be situated, so as 
to have tue greatest strength with a given 
section of timber. 

Having obtained, in a manner I Lope sa. 
tisfactory, the angle of greatest strength for 
gates of straight umber, | conclude this part 
of my paper with a ‘Table of tae necessary 
dimeusious of oak timber for lock-gates, 
varying from 6 to 20 feet in lengta, and 
from 8 to 2U feet in depta, which | believe 
are the limits of tae dimensioas of gates of 
this construction. 

Tae first column in each division of the 
Table gives the amount of transverse strain 
produced by the pressure of water upon 
three fect depta of surface, at an angle of 
19° 25’; and tae second column the dumen- 
sions of square oak timber necessary to bear 
three times that strain. 

To be Continued 











Cullivation of the Prairies. 


CuLTIVAT‘'ON OF THE Prairies. 
Continned from p. 204. 

In England, pe per is now mece fiem the 
residuum of beets,ufier the sacchaiine nat- 
ter is exiracted. An epplication fer a 
similar patent is now pending in ‘he yétent 
office. ‘be s sample of paper exhilited is 
very good, and the rapulity with which the 
paper is made, must materially reduce the 
price of this article. Mary Jabor-saving 
machines are introduced to aid im the cul 
tivation of new Jands. Ina few years, it 
is probable that ploughing on smooth lands 
may be effected by steam: aid even now 
mowing and reaping are successfully done 
by horse-power. 

Such are the profits of cultivation. that 
I would advi-e all who can, to waprove 
some part of their Jands. A simail tin- 
provement will repay expenditures, anil 
greatly enhance the value of ihe whole in- 
vestinent. 

Three benefits may be expected : 

Ist. The crops will repay expenses, and 
yield great profit. 

The land cultivated, and the land 
adjuining, will be advanced several hun- 
dred per cent. 

3d. If stock is put on the farm, the same 
may be numerically increased, and grea'ly 
enhanced in value, by tn:proving the breed, 

Either of thes: considerations is si fi- 
cient to justify cultivation, and guaranty a 
large return. Limght mention 
ful cultivation of hav in the west—fromn 
one and a half totwo tons isa fair crop.— 
This can be cut and pressed without any 
libor-saving machines, for $2 per ton ; and 
if the grass was cut by horse power, the 
expense would be sull less. ‘The prefiis 
on one hundred heifers, at $5, might be 
easily supposed. [ifiy bieeding sows 
would probably give seven huncred pigs 
per annum ; and by these means a large 
farm could be stocke |, with little capital 
advanced. 

Hay at New-Orleans varies from $20 
to $50 perton. An average, for the 
th:ee years, may be $30 ‘The 
floating down hay in flat boats, to New- 
Orleans, may be $8 per ton. 

If, therefore, fifieen hundred to two 
thousand tons of hay could be cut on one 
thousand acres, would it not be a profita- 
ble crop ? 

There is a practice mentioned by Mr. 
Newell, and highly recommended by others 


the success 


last 


cost of 
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of putting in hay seed without ploughing 


the ground. This is done by buining the 
praiie grass mm ihe fp! ing, and harrow i nz 
mn the ceed. The seed catches quick, and 
crows well. Blue grass, e-pecially, suc- 
ceeds, in this way, and the grass will suse 
tain stock - winter without cutting any 
hay or fodder forthem <A large drove of 


herses were ’ cpl Jast winter at Tudian upo- 
lis cn blue grass, on the open fields, at the 
sn all expense of $1 per head per month. 

From posse al examination, | am con- 
vinced that dichmg and hedeng, as prac- 
tised in) Holland, England, and France, 
alinost enively, and now — successfully 
adoped in Ilineis, is cheaper than fencing 
by rials. 

The general complaint of the earth 
erdiubling by frost, is prevented by sowing 
bire seed on the sides. Mulbeiry 
trees inseht be raised on the slope of the 
ditch, with profit. Indecd, such is 
the rapid growth of the mulberry in these 
rich prairie lands, that the purchase of this 
lan tat $1 25 an acre, and planted with 
these trees alone, would ina few years be 
highly valuable Such is the extent of the 
prauie, that wood land will always be val- 
uable fer timber. ‘The wood land is also 


OVass 


grreat 


rich, end fine for cultivation; and if trees 
under certain diuneter are cut, a fine graz- 


ing farm may be easily made, and ihe good 
tieber preserved. Similar pastures are 
found in Kentucky; these yield $3 profit 
per acre, annually. it may be asked, how 
can non re-idents hest cultivate their lands ? 
I would remark, that it is customary to 
rent land (once broke and fenced) for one 
third of ibe crops delivered in the crib or 
Larn. At thisrent the tenant finds all. 

[ would advise to emp-oy smart. enter- 
prising young men from the New-England 
States, to take the farm onshares. If the 
landlord should find a house, team, cart, 
and plough, and add some stock, be might 
then requireone balf the profits of the same. 
I would advise to allow, for fencing or 
ditching, a certain sum, and stipulate that 
the ¢ capial isvested should be returned be- 
fore profits were d.vided. A’ farmer could 
in this way earh for hunse'f fiom $700 to 
$1,€C0 per annum,cna lease for five years. 

The second yar a mowing machine 


might be fuinished, if one hundred acres 
were sceded down to tame grass. Mast 


for swine is found in great abundance, and 
the number of hogs could be easily increas- 







































320 


ed te one thousand, by adding to the num- 
ber of breeding sows. 

Corn is easily raised, that it is found ad- 
vantageous to turn the hogs into a field of 
this grain, without gathering it. It has 
long been the practice in the State of New- 
York, to raise oats and peas together, and 
turnin the swine to harvest the same when 
ripe. Experiments this summer in Con- 
necticut, show a great profit in raising 
spring wheat and oats together, and feed- 
ing out the same to hogs. I have omitted 
to say, that good bituminous coal is found 
in the valley of the Wabash. The veins 
are from five to ten feet thick, and a large 
wagon load will supply one fire fora year. 
Salt also is manufactured in large quanti- 
ties, and superior in quality to the Kenha- 
wa salt. 

Farmers in Illinois and Indiana are now 
successfully enclosing their lands by ditch- 
ing, which has cost from fifty to seventy- 
five cents per rod. 

The laws of the States of Indiana and 
Illinois, compel the owners of lands adjoin- 
ing to pay one half of fencing, whenever 
they make use of, or derive any benefits 
from the fences of their neighbor. This 
lessens the expense of fencing one half. 

If it be asked, what are the profits of cul- 
tivation? I answer, if the land is rented for 
five years, the profits accruing during this 
period, will repay the capital advanced in 
the commencement, with twenty-five per 
cent. interest per annum, and leave the 
farm worth $20 per acre at the expiration 
of the lease. Probably the profit will be 
much greater. 

Yours, respectfully, 
H. L. Evusworru. 


LAFAYETTE, Nov. 1836. 


Dear Sir—In corsequence of the nume- 
rous inquiries by yourself, and others, rela- 
tive to the improvement of wild lands, and 
especially prairies ; the cost of cultivation ; 
the quantity of crops; the market for the 
same, and the profits that may be expected, 
I have concluded to write you a general 
letter, to be used as inight be thought pro- 
per. My knowledgeis founded upon experi- 
ence, having just completed a farm of eight 
hundred acres on the wild prairies. 

The expense of breaking up the sod, is 
$2 25. ‘This is a fixed price, and certain 
calculations may be made on it, wherever 
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the land may be located. Buta difference 
will exist in the cost of fencing, according 
to the distance the rails are carted. For 
the farm I have just fenced, the rails were 
hauled four miles. This distance will 
form the basis of my calculations. It is 
apparent that tke cost of fencing will 
depend materially on the size and form of 
the area to be enclosed. An area of 
three hundred and twenty acres will cost 
much more than half of the amount re- 
quired to fence six hundred and forty acres. 

The four sides of a halfsection are three 

miles ; the two longest sides being one mile 

each, and the two shortest a half mile each. 

The four sides of a whole section, six hun- 

dred and forty acres, are four miles, requir. 

ing only one guarter more fence for double the 
quantity of land. 

Twenty rails are allowed to a rod; this 
makes a * Virginia,” or worm fence, eight 
rails high—the eighth rail (called a rider) 
being elevated twelve or eighteen inches 
from the seventh rail, and resting on 
crotches, (cight feet long,) crossing at each 
corner of the “worm.” Rails of ordinary 
size, laid in this manner, make a durable 
and tight fence, over and through which no 
cattle or steck can pass. 

First Estimate for improving six hundred 

and forty Acres. 

Eour miles, or 1,280 rods, 20 
rails to the rod, gives 25,600 
rails. 

Add for enclosures, cribs, &c. 
1,400 rails; total of rails is 
27,000, which, at $3 50 per 
thousand, gives 

For one log house and well, and 
laying up fence, 

For breaking up six hundred 
acres, (allowing remaining 
forty for bad spots, enclo- 
sures, &c.,) at $2 25, 

Allow for contingencies, 


1,350 00 

30 00 

$2,525 00 
Making not quite $4 per acre, 
costs, including buildings,&c. 
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